The prediction of non-trivial topological electronic states hosted by half-Heusler compounds makes them prime candidates for discovering new physics and devices as they harbor a variety of electronic ground states including superconductivity, magnetism, and heavy fermion behavior. Here we report normal state electronic properties of a superconducting half-Heusler compound YPtBi using angleresolved photoemission spectroscopy (ARPES). Our data reveal the presence of a Dirac state at the Γ point of the Brillouin zone at 500 meV below the chemical potential. We observe the presence of multiple Fermi surface pockets including two concentric hexagonal and six half oval shaped pockets at the Γ and K points of the Brillouin zone, respectively. Furthermore, our measurements show Rashba-split bands and multiple surface states crossing the chemical potential which are supported by the first-principles calculations. Our finding of a Dirac state in YPtBi plays a significant role in establishing half-Heusler compounds as a new potential platform for novel topological phases and explore their connection with superconductivity.
I. Introduction
Topological quantum materials with non-trivial electronic band structures have gained intense research interest due to the possibility of exploiting exotic new physics such as Majorana fermions and the quantum spin Hall effect, as well as for their broad potential applications in quantum computing, spintronics, etc [1] [2] [3] [4] . These further lead to the realization and discovery of numerous topologically non-trivial states such as the topological insulators (TI), topological Kondo insulators, topological crystalline insulators, Dirac, Weyl, and nodal-line semimetals in various material families [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Interestingly, ternary half-Heusler compounds have been theoretically predicted to provide a platform for realizing non-trivial electronic states as a result of their innate characteristic to obtain optimized parameters of topological order and topological phase transitions via tunable band gap and diverse spin-orbit coupling (SOC) [23] [24] [25] [26] [27] .
Furthermore, the half-Heusler compounds containing lanthanide elements with strongly correlated f -electrons already have various ground states such as magnetism and superconductivity [28, 29] . Therefore, the presence of f -electrons with these ground states in this system could lead to a new platform to study the correlated phenomena.
Despite numerous theoretical predictions, there are only a limited number of experimental studies which confirm non-trivial topology of band structure of halfHeusler compounds [30] [31] [32] [33] . In 2016, large and negative longitudinal magnetoresistance has been reported as a signature of the chiral anomaly in GdPtBi [32] . An angle-resolved photoemission spectroscopy (ARPES) study of RPtBi (R = Lu, Dy, Gd) by Liu et al. [30] has not found direct evidence of topological surface state in these materials. Recent ARPES studies of LnPtBi (Ln = Lu,Y) [31] and LuPtSb [33] have reported a topological surface state. However, the assignment of topological surface state as well as the origin of those states does not agree with each other. Therefore, it is desirable to study half-Heusler compounds in order to shed light on these issues.
In this work, we report the detailed electronic structure study of YPtBi using ARPES and first-principles calculations. Our systematic electronic structure study reveals the hexagonal Fermi surface along with the presence of multiple Fermi pockets. Particularly, we find multiple Fermi surface pockets such as hexagonal and oval-shaped pockets around the zone center and the K points of the Brillouin zone (BZ), respectively. Interestingly, our data reveal a Dirac state at the Γ point of the BZ where the Dirac point locates at 500 meV below the chemical potential which is further supported by our first-principles calculations. Moreover, we report Rashba-splitting in the vicinity of the Fermi surface at the M point of the BZ. We also report the presence of multiple surface states in this noble system. Our findings bolster the evidence for the existence of an exotic state within the half-Heusler family. As YPtBi is reported to be an intrinsic superconductor with T c = 0.97 K [34] [35] [36] [37] , our study serves a milestone to investigate the Dirac phase in superconductive YPtBi.
II. Method
The single crystals of YPtBi were grown from Bi flux as described in Ref. [37] . The chemical composition of YPtBi was checked by energy-dispersive X-ray analysis using a FEI scanning electron microscope equipped with an EDAX Genesis XM4 spectrometer. Homogeneous single-phase with a stoichiometry close to equiatomic was observed. Crystal structure of our sample was studied by means of X-ray diffraction on powdered single crystals using an X'pert Pro PAN analytical diffractometer with Cu-Kα radiation. It was confirmed that YPtBi crystalizes in a space group F43m with lattice parameter a = 6.65(1)Å, which is in a perfect agreement with previously reported data [34] . The synchrotron based experiments were performed at the ALS BL 10.0.1 equipped with R4000 hemispherical electron analyzer at temperature of 15 K. For the synchrotron measurement the energy resolution was set to better than 20 meV and the angular resolution was set to better than 0.2
• . The electronic structure calculations were carried out using the full-potential linearized augmented plane wave (FP-LAPW) method implemented in the WIEN2k package [38] , and the PBEsol was used as the exchange-correlation functional [39] . In order to simulate surface effects on the (111) surface, we constructed the hexagonal unit cell of 3 formula units with c-axis normal to (111) surface. Then we built the 1 × 1 × 6 supercell for the (111) surface, with a vacuum thickness of 20Å. The spin-orbit coupling was considered as a perturbation in the electronic structure calculations.
III. Results and discussion
Generally, half-Heusler ternary compounds crystallize with space group F43m (# 216) lacking inversion-center symmetry [40] . Figure 1(a) shows the unit cell of YPtBi which consists of a zinc-blende type crystal structure from the Pt and Bi, and a rocksalt type unit cell from Bi and Y [34, 37] . The sample normally cleaves along either the (111) or (001) plane. Figure 1(b) shows the schematic bulk Brilloun zone with surface projections on the (001) and (111) plane. High symmetry points are also marked in the plot where Γ is the center of the BZ, K is defined as the each corner of hexagon and M is the midpoint of two successive corner points. Figure 1(c) represents the spectroscopic core level measurement of YPtBi. Here, we observe the sharp core level peaks of Bi 5d and Pt 4f at around 26.5 eV and 71 eV, respectively. This confirms the high quality of the sample used for our experimental measurements. Furthermore, larger spectral weight of Bi 5d indicates the Bi termination. An ARPES measured hexagonal-shaped Fermi surface of YPtBi is seen in Fig. 1(d) which further confirms that the sample was cleaved along the (111) plane. The blue hexagon is a guide for the eye representing the first BZ..
In order to unveil the detailed electronic structure, we present our experimental data in Figs. 2 and 3 . constant energy contour plot at the binding energy of 250 meV where the circular-like Fermi pocket at the Fermi surface around zone center point evolves into a twin hexagonal shape. This feature is a consequence of the possible spin-splitting, commonly seen on the surface of the non-centrosymmetric metallic compounds. Futhermore, a small circular feature evolves at the zone center point as a result of metallic band crossings. Figure  2 (d) shows a constant energy contour in the vicinity of the Dirac point ( binding energy ∼ 500 meV) in which we observe the circular-shaped feature splitting into two concentric circles. In order to reveal the nature of the Fermi pockets, constant energy contour plots at various binding energy are taken and stacked into an energy vs momentum plot in Fig. 2(e) . By moving towards the higher binding energy, we observe that the circular-like pocket at the zone center increases in size and resembles a perfect hexagonal shape. This confirms both the hole-like nature and hexagonal shape of the pocket. Additionally, the oval-like shape around the K point shrinks into a point and a small circular feature evolves at the zone center around 250 meV. This confirms the electron like nature of the Fermi pockets at the K point of the BZ. Moreover, at 500 meV below the chemical potential, the complex oval-like feature takes shape which indicates the approximate position of the Dirac point. At the Fermi level we observe a line-like feature along the M points connecting the two consecutive BZ as well as separating the two oval-like pockets. However, as we move towards higher binding energies it is observed that the line gap increases and evolves into two distinct segments breaking the outer circle around the Γ-point. The special outer circle located at around 100 meV below the Fermi surface could potentially represent another pair of Kramers points [30] .
In order to reveal the energy location of the Dirac point, we present our band dispersion map in Fig. 3 . Figure 3(a) shows the dispersion map along the M-Γ-M direction in which we observe hole-like bands at the Γ point and electron-like bands at the M point crossing the Fermi level. Interestingly, we observe a Dirac state at the Γ-point of the BZ at 500 meV below the chemical potential. Furthermore, we observe another surface state at around 250 meV below the Fermi level. Figure 3(b) ,(c) presents the second derivative plot using curvature method where the Dirac point is clearly visible. In order to reveal the origin of the bands, slab calculations were performed which are presented in Fig.  3(d) . Here, it is clearly observed that the electron-like bands cross the chemical potential. Furthermore, we observe the Rashba-split states in the vicinity of the chemical potential around the M point. The surface calculations (see Fig. 4(a) ) confirm the surface nature of Rashba-split states and the electron-like band at the M-point.
Here, we discuss our first-principles calculations as depicted in Fig. 4 . Figure 4(a) shows the calculations of electronic structure for the Bi-terminated surface with the inclusion of spin-orbit coupling along the M-Γ-M direction. Here, red highlighted bands represent the surface bands. The calculations agree well with our measurements which establish the Dirac point located at around 500 meV below the chemical potential. Furthermore, it shows the Rasba-split band and the electron-like band around the M point. The energy location of the other surface state at the Γ point is slightly mismatched with our experimentally observed energy location. Since these bands are the metallic surface states defined within the 2D surface, their positions might be controlled by impurity potential at the surface. This type of energy mismatching has also been reported earlier [31] . Moreover, electron-like band along the Γ-M direction is confirmed to be surface originated. Figure 4 (b) displays the first-principles calculations of electronic structure for the Bi-terminated surface without the inclusion of SOC, which does not show a Dirac-like state. We conclude that the linear Dirac bands originate from the spin-orbit coupling arising due to heavy Bi atom.
Considering the experimental and theoretical study of half-Heulser compound YPtBi, both confer the same information regarding the location of the Dirac points 500 meV below the chemical potential at the Γ point. At this high symmetry point, we notice that the Dirac state originates from the surface which is the result of the strong SOC. We note that our data does not show any intrinsic global band gap in YPtBi. Therefore, we attribute such linearly dispersive band to a Dirac state instead of topological surface state. Moreover, our experimental measurements as well as calculations reveal possible Rashba-split states in the vicinity of Fermi surface at the M point due to an antisymmetric spin-orbit coupling created by the electric field gradient as a consequence of non-centrosymmetric geometry.
IV. Conclusions
In conclusion, we have performed ARPES measurements on the ternary superconducting half-Heusler compound YPtBi in its normal state. Our data reveal the presence of multiple Fermi pockets at the Fermi surface of YPtBi. Furthermore, we directly observe the Dirac state at 500 eV below the chemical potential at the Γ point of the BZ. We further observe multiple surface states in our Fermi surface maps. Our first-principles calculations reveal a Rashba-split feature at the M point. Our study will stimulate the research interest to investigate the Dirac phase in a intrinsic superconducting YPtBi and exotic states in other half-Heuslers.
